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(54) Accurate instrumentation for optical measurement of samples 



(57) The present invention relates generally to the 
field of biochemical laboratory. More particularly the in- 
vention relates to the improved and more accurate in- 
strumental features of equipment used as e.g. fluorom- 
eters, photometers and luminometers. The object of the 
invention is achieved by providing an optical measure- 
ment instrument where there is an interface (218, 223, 
233a, 233b 3 238) for a changeable optical module (240), 
and excitation and/or emission beam is guided through 
an aperture of the optical module. This allows perform- 
ing various types of measurements by changing an op- 
tical module without a problem lenses becoming un- 
clean due to manual handling of the optical modules. 
The invention also makes possible to achieve an accu- 
rate measurement location and area within a sample. 
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Description 

Background of the invention 

[0001] The present invention relates generally to the 
field of biochemical laboratory instrumentation for differ- 
ent applications of measuring properties of samples on 
e.g. microtitration plates and corresponding sample 
supports. More particularly the invention relates to the 
improved, reliable and more accurate instrumental fea- 
tures of equipment used as e.g. fluorometers, photom- 
eters and luminometers. 

[0002] The routine work and also the research work 
in analytical biochemical laboratories and in clinical lab- 
oratories are often based on different tags or labels cou- 
pled on macromolecules under inspection. The typical 
labels used are different radioactive isotopes, enzymes, 
different fluorescent molecules and e.g. fluorescent 
chelates of rare earth metals. 

[0003] The detection of enzyme labels can be per- 
formed by utilizing its natural biochemical function, i.e. 
to alter the physical properties of molecules. In enzyme 
immunoassays colourless substances are catalysed by 
enzyme to colourful substances or non-fluorescent sub- 
stances to fluorescent substances. 
[0004] The colourful substances are measured with 
absorption, i.e. photometric measurement. In the pho- 
tometric measurement the intensity of filtered and sta- 
bilized beam is first measured without any sample and 
then the sample inside one plate is measured. The ab- 
sorbance i.e. the absorption values are then calculated. 
[0005] The fluorescent measurement is generally 
used for measuring quantities of fluorescent label sub- 
stance in a sample. The most photoluminescence labels 
are based on molecular photoluminescence process. In 
this process optical radiation is absorbed by the ground 
state of a molecule. Due to the absorption of energy the 
quantum molecule rises into higher excited state. After 
the fast vibrational relaxation the molecule returns back 
to its ground state and the excess energy is released as 
an optical quantum. Due to losses in this process the 
average absorbed energies are higher than the average 
emitted energies. 

[0006] A further measurement method is chemilumi- 
nescence measurement where emission of a substance 
is measured from a sample without excitation by illumi- 
nation. Thus any phoLoluminometer can also be used 
as a chemiluminometer. 

[0007] The typical instruments in analytical chemical 
research laboratories are the different spectroscopic in- 
struments. Many of them are utilizing optical region of 
electromagnetic spectrum. The two common types of in- 
struments are the spectrophotometers and the spec- 
trofluorometers. These instruments comprise usually 
one or two wavelength dispersion devices, like mono- 
chromators. The dispersion devices make them capable 
to perform photometric and luminescence measure- 
ments throughout the optical spectrum. 



[0008] Figure 1 illustrates an advanced prior art opti- 
cal analyser, especially the optical components and the 
different optical paths. The instrument has two illumina- 
tion sources, a continuous wave lamp (cw-lamp) 112a 
5 and a pulse lamp 112b. The cw-lamp can be used for 
continuous wave photoluminescence excitation and for 
absorption measurements. 

[0009] Infrared part of radiation from the cw-lamp 
112a is absorbed by a filter 104, and after transmitting 

10 a stray-light aperture plate 1 05, the optical radiation is 
collimated with a lens 1 1 5a through an interference filter 
114a located in a filter wheel 114. 
[0010] The light beam is focused with a lens 113a, 
similar to the lens 114a, into a light guide 118, which 

15 isolates the measuring head thermally and mechanical- 
ly. It also shields the measuring unit for the stray light 
from the cw-lamp. The optical radiation from an output 
aperture plate 1 06 of a light guide 11 8 is collimated with 
a lens 1 07, similar to the lens 11 5a. The radiation beam 

20 is reflected by a beam-splitter mirror 141 inside a mirror 
block 140, and passed through a sample well 181 and 
through an entrance window 122 of a photometric de- 
tector unit 132. 

[0011] The mirror block 140 is located on the upper 

25 side of the sample. Its function is to reflect the horizontal 
light beam from the selected lamp downwards to the 
sample and to reflect a portion of this beam by a mirror 
143 into a reference photodiode 119, and also to allow 
the emission from the sample to travel upwards to the 

30 photon counting detector 132. 

[0012] The emission unit comprises optical compo- 
nents, which are lenses 133, 135, a filter 134a in filter 
slide 134, a combined shutter and aperture slide 136 
and a detector 1 32, such as a photo-multiplier. The pho- 

35 to-multiplier 132 is used in the fast photon counting 
mode where the pulses from photo-multiplier anode are 
first amplified and then fed through a fast comparator 
191 and gate 192 counter 1 93. The comparator rejects 
the pulses, which are lower than the pre-adjusted refer- 

40 ence level. The fast counting electronics is equipped 
with a gate in the front of the counter. This gate is used 
in overall timings of the measurements. 
[0013] The pulse-lamp unit is used in time-resolved 
photoluminescence measurement for long-living lumi- 

45 nescence emission. It comprises a second lamp 112b, 
lenses 115b, 113b, and optical filters 114b in a filter slide 
for wavelength isolation. When this second lamp is used 
the mirror 141 must be rotated by 90 degrees in order 
to reflect the radiation to the sample. This can be 

50 achieved by using different optical modules for the two 
lamps. 

[0014] There are certain limitations related to the prior 
art technology. When different optical modules are used 
for different measurements the optical module is usually 
55 changed when the measurement mode is changed. As 
the optical modules are manually handled the lenses of 
the optical module easily become unclean. This causes 
attenuation of the optical beams and thus may make the 
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measurement results less accurate and less reliable. 
Another limitation of the prior art solutions relates to 
comparability of different measurements. When differ- 
ent optical modules are used for different measure- 
ments the optical path may be different and cause that 5 
the location or size of the measurement area in the sam- 
ple may be vary for different types of measurements. 

Summary of the invention 

[0015] The object of the present invention is to provide 
an optical instrument for laboratory measurements., 
wherein the described disadvantages of the prior art are 
avoided or reduced. The object of the invention is there- 
fore to achieve a measurement instrument with im- 
proved accuracy, reliability, comparability and/or effi- 
ciency for performing measurements from samples. 
[0016] The object of the invention is achieved by pro- 
viding an optical measurement instrument where there 
is an interface for a changeable optical module, and the 
interface is optically adapted to at least one aperture of 
the optical module for receiving or outputting an optical 
beam. The object is also achieved by a changeable op- 
tical module for a measurement instrument, the module 
comprising at least one aperture for receiving or output- 
ting an optical beam. The optical module preferably 
comprises a dichroic mirror for separating the optical 
paths of emission and excitation beam, and possibly a 
second dichroic mirror for dividing an emission beam in- 
to two emission beams. The invention allows performing 
various types of measurements by changing an optical 
module without a risk of touching optical surfaces such 
as lenses. The invention also allows an accurate deter- 
mination of the sample area to be measured. 
[0017] An optical measurement instrument according 
to the invention for measuring samples, comprising a 
possible illumination source for forming an excitation 
beam, a detector for detecting an emission beam, an 
interface for a changeable optical module with a pur- 
pose of directing the excitation beam received from the 
illumination source into the sample and/or directing an 
emission beam received from the sample to the first de- 
tector, is characterized in that the interface further com- 
prises means for adapting to at least one of said beams 
being transmitted through an aperture located on a wall 
of an optical module. 

[001 8] The invention also applies to a changeable op- 
tical module for an optical measurement instrument, the 
module comprising 

means for receiving an excitation beam from an il- 
lumination source and means for directing the exci- 
tation beam to a sample, and/or 
means for receiving an emission beam from the 
sample and means for outputting the emission 
beam received from the sample to a detector, 

which is characterized in that the means for receiving 



4 

and/orthe means for outputting comprise(s) an aperture 
on an outer wall of the optical module module. 
[0019] The invention also applies to a process for 
measurement of samples with an optical measurement 
instrument comprising at least one measurement head, 
possible means for providing excitation of a sample and 
means for measuring an emission from the sample, the 
process comprising the phases of 

selecting a measurement mode, 
selecting at least one changeable optical module for 
a measurement head, the optical module guiding 
the excitation beam from an illumination source into 
the sample and/or guiding at least one emission 
beam from a sample into at least one detector, 
performing the selected optical measurement, 

which is characterized in that in the step of selecting the 
optical module, a kind of optical module is selected, 
which has a separate aperture for receiving an excita- 
tion beam and/or for outputting an emission beam. 
[0020] A method according to the invention for optical 
measurement of samples comprising the step of trans- 
mitting excitation/emission beam between the sample 
and a measurement head of an optical instrument, com- 
prising transmitting said beam through an optical mod- 
ule of the measurement head, is characterized in that 
said beam is guided through an aperture located on an 
outer wall of the optical module. 
[0021 ] Some preferred embodiments are described in 
the dependent claims. 

[0022] An important advantage of the invention re- 
lates to achieving high measurement accuracy. The ap- 
erture^) of the optical module preferably determine the 
measurement area within the sample. Therefore the 
measurement area can be separately determined for 
each optical module. And especially in the two-emission 
measurement it is possible to determine the measure- 
ment areas separately by dimensioning the respective 
apertures of the optical module for the two simultaneous 
or successive emissions. 

[0023] The changeable optical modules with aperture 
(s) according to the invention thus allow the dimension- 
ing of the aperture according to a specific measurement. 
This gives the ability to offer optional functions in meas- 
urement equipment. Equipment with a measurement 
head for one emission measurement can be easily up- 
graded into equipment, which has a measurement head 
for one emission or two emission measurements. For 
the upgrade it is only necessary to provide the equip- 
ment with an optical module, which includes a mirror for 
the second emission, and providing the equipment with 
the second detector, if not readily available in the equip- 
ment. The basic version of the equipment preferably in- 
cludes the required optics for guiding the second emis- 
sion beam from the optical module to the second detec- 
tor. So new features can be upgraded without a need to 
make on-site optical calibrations for each upgraded fea- 
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ture. . 

[0024] The invention also allows the use of direct op- 
tical coupling in emission detection; attenuation caused 
by optical fibres can thus be avoided. Attenuation is also 
minimized by the fact that the number of lenses within 
the emission path is minimal due to the use of apertures 
according to the invention. 

Brief description of the drawings 

[0025] These and other advantages of the invention 
will become apparent from the following detailed de- 
scription and by referring to the drawings where: 



Fig. 1 



Fig. 2 



Fig. 3 



Fig. 4 



is a schematic block diagram of a prior art op- 
tical unit of a measurement instrument, 



Fig. 11 



5 Fig. 12 



Fig. 13 

10 



Fig. 14 



15 Fig. 15 



is a schematic illustration of optical paths and Fig. 16 

main components of an exemplary optical 

unit for a measurement instrument according 20 

to the invention, Fig. 17 

is a schematic block diagram of an exemplary 
measurement instrument according to the in- Fig. 18 

vention, 25 

is a schematic block diagram of an optical unit 
showing a first embodiment for a double Fig. 19 

emission measurement according to the in- 
vention, 30 



illustrates a perspective view of an exemplary 
bottom optical module according to the inven- 
tion, 

illustrates an exemplary four-position wheel 
with four optical modules according to the in- 
vention, 

illustrates a first exemplary top head optical 
module for implementing the invention, 

illustrates a second exemplary top head op- 
tical module for implementing the invention, 

illustrates a third exemplary top head optical 
module for implementing the invention, 

illustrates a fourth exemplary top head optical 
module for implementing the invention, 

illustrates a fifth exemplary top head optical 
module for implementing the invention, 

illustrates a first exemplary bottom head op- 
tical module according to the invention for im- 
plementing the invention, 

illustrates a second exemplary bottom head 
optical module for implementing the inven- 
tion, 



Fig. 5 



Fig. 6 



Fig. 7 



Fig. 8 



Fig. 9 



Fig. 10 



is a schematic block diagram of an optical unit 
showing a second embodiment for a double 
emission measurement according to the in- 
vention, 35 

is a schematic block diagram of an optical unit 
showing a third embodiment for a double 
emission measurement according to the in- 
vention, 40 



is a schematic block diagram of an optical unit 
showing a fourth embodiment for a double 
emission measurement according to the in- 
vention, 



is a schematic block diagram of an optical unit 
showing a fifth embodiment for a double 
emission measurement according to the in- 
vention, 

is a schematic block diagram of an optical unit 
showing a sixth embodiment for a double 
emission measurement according to the in- 
vention, 

illustrates a perspective view of an exemplary 
top optical module accordingto the invention, 



45 



50 



55 



Fig. 20 illustrates a third exemplary bottom head op- 
tical module for implementing the invention, 

Fig. 21 illustrates a fourth exemplary bottom head 
optical module for implementing the inven- 
tion, 

Fig. 22 illustrates a fifth exemplary bottom head op- 
tical module for implementing the invention, 

Fig. 23 illustrates an exemplary process for perform- 
ing a measurement with an optical measure- 
ment instrument according to the invention. 

Fig. 24 illustrates an exemplary method for perform- 
ing a measurement according to the inven- 
tion. 

[0026] Figure 1 was already explained in the descrip- 
tion of the prior art. In the following, the principle of the 
invention is first described referring to Figure 2. Then, 
an example of a more detailed implementation is de- 
scribed referring to Figure 3, which is a block diagram 
of exemplary analyser equipment according to the in- 
vention. Next there are some exemplary embodiments 
described for using an analyser according to the inven- 
tion for double emission measurements, referringto Fig- 
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ures 4-12. After this, relating to Figures 1 3-22 there is a 
description of exemplary optical cubes comprising ap- 
erture^) according to the invention and which can be 
used e.g. for the measurements referred to in Figures 
4-12. Finally, examples of a process and a method for 5 
performing a measurement according to invention are 
described referring to flow diagrams in Figures 23 and 
24. 

[0027] Figure 2 illustrates main components and op- 
tical paths of an exemplary optical analyser instrument 
accordingto the invention. The instrument comprises an 
illumination source 211 for the excitation of a sample. 
The radiation from the lamp 211 is collimated with lens 
215 and directed through an interference filter 21 4. Dif- 
ferent filters can be S3lected for different wavelengths. 
The excitation beam is then focused to an end of a fibre 
optic guide 218, which guides it to an aperture 246 of 
an optical module according to the invention. The fibre 
optic guide is preferably a bundle of fibres, such as 200 
pieces of fibres with a diameter of 100 jxm. One impor- 
tant purpose of the fibre optic guide is to mix the light of 
the illumination source in order to avoid an uneven dis- 
tribution of excitation beam within the sample volume to 
be measured. The excitation beam is guided through an 
aperture 246 of the optical module and reflected by a 
dichroic mirror 241 inside the optica! module 240. The 
excitation beam is further directed into the sample 281 
through an aperture of the optical module and a lens 
system 223. A part of the illumination light is reflected 
by a beam splitter mirror 243 and guided through an ap- 
erture into a reference detector in orderto give reference 
information on the actual illumination intensity. While the 
reference mirror is located in the changeable mirror 
block, the excitation filter differences can be compen- 
sated by modifying the properties of the reference mir- 
ror. This way high feedback accuracy is achieved. A 
beam splitter mirror can be produced e.g. by forming re- 
flective coating for the mirror to be e.g. stripes or dots, 
which cover only a part of the mirror surface. 
[0028] The emission beam from the sample 281 is di- 
rected with the lens system 223 through an aperture into 
the optical module 240, where it passes the (preferably) 
dichroic mirror 241 . The dichroic mirror is preferably de- 
signed for each label so that it reflects excitation wave- 
length but transmits emission wavelengths. The emis- 
sion beam is then divided inside the optical cube into to 
two beams by a second mirror 242. The mirror is pref- 
erably a dichroic mirror, which functions as a filter so 
that a beam with a wavelength of the first emission is 
transmitted through the mirror and focused through an 
aperture 244 according to the invention to the first de- 
tector 231 a. The beam with a wavelength of the second 
emission is reflected and guided focused through an- 
other aperture 245 to the second detector 231b. The 
second dichroic mirror is therefore also preferably de- 
signed for each label / pair of labels so that it transmits 
first emission wavelengths but reflects second emission 
wavelengths. 



[0029] The first emission beam received from the ap- 
erture of the optical module is collimated with a lens 
233a and directed through an interference filter 234a in 
orderto prevent light with a wavelength outside the first 
emission from passing to the first detector. The first 
emission beam is then focused with lens 235a to the first 
detector 231a. The second emission beam received 
from another aperture of the optical module is reflected 
with a mirror 238 to a lens 233b where the beam is col- 
limated and directed through a second interference filter 
234b in orderto prevent light with a wavelength outside 
the second emission from passing to the second detec- 
tor. The second emission beam is then focused with lens 
235a to the first detector 231a. The signals received 
from the detectors are then amplified and processed to 
achieve a value for the intensities of the first and second 
emissions. The excitation and emission parts of the in- 
strument can be used, except for photoluminescence 
measurements, also to e.g. photometric and chemilumi- 
nescence measurements. 

[0030] As already mentioned, an essential feature of 
the invention is that the excitation beam as well as two 
emission beams are adapted to be interfaced with a sin- 
gle changeable optical module, which preferably'com- 
prises apertures for each of the beams. This allows per- 
forming various types of measurements by changing 
just one optical module, and each of the measurements 
can be optimally performed with the specific optical 
module. The advantages of the invention become more 
apparent in the following more complete example of an 
optical instrument according to the invention. 
[0031 ] Figure 3 illustrates in more detail an exemplary 
optical instrument according to the invention . The instru- 
ment has a top measurement head 320, which includes 
components for providing an excitation beam and for de- 
tecting emissions from above the sample. The instru- 
ment has also an optional bottom measurement head 
360. which includes components for providing an exci- 
tation beam and for detecting emissions from below the 
sample. The instrument further comprises a sample 
platform 380, which has means for moving and a sample 
tray 389 in order to position successive samples 381 into 
the measurement volume. There may also be means 
provided for adjusting the vertical position of the sample 
platform relative to the top and bottom measurement 
heads. 

[0032] The instrument has one or two illumination 
sources. The main illumination source 312a includes a 
pulse lamp, and the optical energy of each pulse is pref- 
erably equal. The excitation beam generated by the 
pulse lamp is collimated with a lens 315 and directed 
through an interference filter 314. The filter is placed on 
a filter slide, so that the excitation filter to be used in a 
measurement can be selected from several filters. The 
excitation beam is then focused to an end of a fibre optic 
guide 318, which mixes the excitation beam and guides 
it to an aperture of an optical module 340 according to 
the invention. The optical module 340 and the lens sys- 
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tern 323 directs the excitation beam into the sample 391 . 
The optical module is not described here in more detail 
because it is explained in relation to other Figures. 
[0033] The equipment may also include a second 
pulse lamp 31 2b, 31 1 b, which may be a low power lamp, 
e.g. for simultaneous photometric measurements. The 
instrument has an optical fibre guide 312a for guiding 
the light from the second lamp. The light can be distrib- 
uted for the photometric measurement into three filters 
314h, 314j and 314k with fibre branches 377h, 377j and 
377k. 

[0034] The light beams are collimated with lenses 
375h, 375j and 375k before directing the beams through 
the filters. The filters can be located on the same or dif- 
ferent filter slide as the filter 31 4e forthe first illumination 
source. If the same filter slide is used for filters of both 
lamps, the simultaneous measurement modes must be 
taken into account when the location of the filters is 
planned. After filtering, the beams are collimated into 
ends of three optical fibre cables 378, which are led to 
the bottom measurement head for the photometric 
measurement. The light beams from the optical cables 

378 are focused to three samples 384 with a lens system 

379 including lenses for each three beams. After trans- 
mitting through the samples the beams are measured 
with three detectors 322d, 322e and 322f, which are e. 
g. a photo diodes. The three ends of the fibre optic ca- 
bles, three lenses, three simultaneously measured sam- 
ples and three detectors are in this case located in a row 
perpendicular to the plane of the drawing and thus only 
one of them can be seen in the drawing. 

[0035] It is preferable to have a separate optics for the 
photometries measurement so that a photolumines- 
cence measurement and a photometries measurement 
can be performed simultaneously from different sam- 
ples. If simultaneous photoluminescence and photo- 
metric measurements are required, the analyzer is pref- 
erably equipped with two pulse lamps. However, it is al- 
so possible to use an instrument with one lamp for pho- 
tometries measurements. For example, an optical 
switch 31 7 may have an output for an optical fibre 378a, 
which leads lightfrom the lamp 31 2ato the photometries 
measurement optics 379. It is then possible to control 
the optical switch either to guide the light for providing 
excitation for an emission measurement or to guide the 
light the a photometric measurement. 
[0036] An optical fibre 31 8T is used for guiding the 
excitation beam from the optical switch 31 7 to the optical 
module 340 of the top measurement head. An optical 
fibre 31 8B is used for guiding the excitation beam from 
the optical switch 317 to the optical module 350 of the 
bottom measurement head. The instrument may also 
have a further lamp so that different lamps can be se- 
lected for providing the excitation beam of the top head 
and the bottom head. In this case, a more versatile op- 
tical switch system is required. 

[0037] The emission beam from the sample 381 is di- 
rected with the lens system 323 into the optical module 



340 where the emission beam is divided into to two 
beams. A dichroic mirror in the optical module preferably 
functions as a filter so that a beam with a wavelength of 
the first emission is transmitted through the to the first 

5 detector 331 a, and a beam with a wavelength of the sec- 
ond emission is reflected to the second detector 331 b. 
The detector can be e.g. a photo-multiplier tube, which 
may be used in analogue mode or in photon count 
mode, or in both modes simultaneously. When the 

10 equipment includes two photoluminescence detectors 
they may be of different types and the detection modes 
may be different during a measurement. 
[0038] The first emission beam is collimated with a 
lens 333a and directed through an interference filter 

15 334j in order to prevent light with a wavelength outside 
the first emission from passing to the first detector. The 
first emission beam is then focused with lens 335a to 
the first detector 331a. The second emission beam is 
reflected with a mirror 338 to a lens 333b where the 

20 beam is collimated and directed through a second inter- 
ference filter 334k in order to prevent iight with a wave- 
length outside the second emission from passing to the 
second detector. The second emission beam is then fo- 
cused with lens 335a to the first detector 331 a. The fil- 

25 ters 334j and 334k are located on same filter slide or 
they may locate on different filter slides. The filter slide 
(s) is movable so that the filters used in the measure- 
ment can be selected from a number of filters with dif- 
ferent pass-band wavelengths. 

30 [0039] In an instrument also comprising a bottom 
measurement head there are optical switches 337a and 
337b for selecting the detected emission beam from the 
top or bottom measurement head. An optical fibre 338a 
is used for guiding the first emission beam from the op- 

35 tical module 350 of the bottom measurement head 360 
to the optical switch 337a. Another optical fibre 33Bb is 
used for guiding the second emission beam from the op- 
tical module 350 of the bottom measurement head 360 
to the optical switch 337b. 

40 [0040] The signals received from the detectors are 
then amplified and processed to achieve a value forthe 
intensities of the first and second emissions. Measure- 
ment signals and reference signals are amplified and 
read after each excitation pulse and signal corrections 

45 are calculated. Basic references are determined with 
standard solvents after the analyzer has been assem- 
bled. If there are more than one excitation pulses used 
for one well, the corresponding emission signals are dig- 
itally integrated. 

so [0041] The instrument has also an optional detector 
332c s 331 c for chemiluminescence measurements. The 
detector receives the chemiluminescence radiation 
from the sample via a thick bundle of optical fibres 31 8c. 
It is preferable to have a separate optics for the chemi- 

55 luminescence measurement so that a photolumines- 
cence measurement and a chemiluminescence meas- 
urement can be performed simultaneously from differ- 
ent samples. In Figure 3 the chemiluminescence meas- 



6 



BNSDOCID: <EP 1291644A1 J_> 



11 



EP 1 291 644 A1 



12 



urement is made from a sample located behind sample 
381 . A photo-multiplier tube can also be used as a de- 
tector for the chemiluminescence. The detector can be 
used in analogue mode or digital mode, or if the prop- 
erties of the tube allow, both modes may be used simul- 
taneously. 

[0042] The instrument comprises a carousel wheel 
328 for the attachment of optical modules 340a, 340b } ... 
The wheel can be rotated around its fixing point 329, 
and the optical module used in a measurement can thus 
be selected by controlling the position of the wheel. Ac- 
cording to the present invention, the equipment has an 
optical interface of at least two emission beams and at 
least one excitation beam for a single optical module. 
[0043] It the instrument is equipped with a bottom 
measurement head, there may be a similar optical mod- 
ule 350 used in the bottom measurement head as in the 
top measurement head. The excitation and emission 
beams are lead between the two measurement heads 
with optical fibres 338a ; 338b and 31 8B. There is also 
a lens system 363 for focusing the beams to the sample 
and ends of the optical fibres. Since the optical module 
of the bottom measurement head needs not be so fre- 
quently changed, it may be manually changeable. Alter- 
natively a processor-controlled carousel can also be 
used in the bottom measurement head. 
[0044] The optical modules are shown essentially en- 
larged in Figure 3 in order to better illustrate the optical 
paths in the instruments. The actual size of the optical 
modules may be as small as 20 mm x 20 mm x 20 mm. 
[0045] The optical modules may be equipped with 
machine readable codes, such as barcodes, so that the 
processor of the equipment can check with a code read- 
er, which types of optical modules are installed in each 
location. This way it can be certified that a correct type 
of optical module is used for each measurement. The 
bar code reader or related electronics are not shown in 
Figure 3. 

[0046] The instrument is also equipped with electron- 
ics for amplifying and processing the signals from the 
detectors, as well as electronics for driving the lamp(s). 
There is also control electronics provided for controlling 
the measurements, such as selecting filter(s), selecting 
the optical module(s), controlling optical switch(es), 
controlling the position of the sample tray 389 for select- 
ing the sample to be measured, and controlling the po- 
sitions of the measurement heads 320 and 360 relative 
to the sample platform 380. The electronics is not shown 
in Figure 3 : as the required electronics can be designed 
by a skilled person in the art. 

[0047] In the preferred embodiment the user can ad- 
just various parameters of a measurement. The excita- 
tion pulse energy is adjusted by the discharge voltage 
and by the capacitors of the flash lamp power supply. 
Total excitation energy of one measurement is control- 
led by measuring every pulse and comparing the sum 
to a reference level of the integrator. The parameters of 
measurements are preferably user adjustable. 



[0048] Next some embodiments of possible measure- 
ment modes are described referring to Figures 4-9. 
These exemplary embodiments show how the interface 
for an optical module with apertures gives a possibility 

5 for a large variety of different measurement modes. 
These measurement modes are available with an auto- 
matic selection and control of filters, optica! switches 
and just one changeable optical module in each meas- 
urement head. The described measurement modes are 

10 related but not restricted to photoluminescence meas- 
urements. 

[0049] Figure 4 illustrates a first embodiment of per- 
forming a photoluminescence measurement with a 
measuring instrument according to the present inven- 

15 tion. In this embodiment both excitation and detection is 
made from the above the sample using the top meas- 
urement head of the instrument. One of the possible al- 
ternative excitation sources 411 gives an excitation 
pulse, which is guided through an optical system 413 to 

20 an optical fibre 41 8. The optical system may include fil- 
ters, lenses and mechanical components as was shown 
in Figure 3. The excitation beam is mixed in the optical 
fibre and lead to the optical module 450. The excitation 
beam is reflected from the mirror 441 and collimated in 

25 the optical system 423 into the sample 481 on the sam- 
ple plate 480 to be measured. The excitation beam pro- 
vides excitation for two simultaneous measurements. 
[0050] The excited sample 481 gives two emissions 
that are measured with detectors A and B. The emission 

30 beams are first collimated in the optical system 423, and 
the beams lead to the optical module 440. The emission 
beams first transmit the dichroic mirror 441 , where after 
the second dichroic mirror 442 separates the two emis- 
sion beams. The separation may be based on the wave- 

35 length of the emissions, polarization etc. The first emis- 
sion beam is substantially transmitted through the sec- 
ond dichroic mirror 442 and further collimated and fil- 
tered in the optical system 433a to be measured in the 
detector 431a. The second emission beam is substan- 

40 tially reflected by the second dichroic mirror 442, and 
further reflected by the mirror 438. The beam is collimat- 
ed and filtered in the optical system 433b to be meas- 
ured in the detector 431 b. 

[0051 ] One advantage of this first embodiment is that 
45 the emissions are guided to both detectors directly i.e. 
without optical fibre cables. This way an optimal sensi- 
tivity of the measurement is achieved. 
[0052] In the first embodiment illustrated in Figure 4 
the whole measurement is made with the top measure- 
50 ment head, and so it is not necessary to have a bottom 
measurement head in the instrument in order to perform 
the double emission measurement. The use of an opti- 
cal module according to the invention gives therefore a 
possibility to make versatile measurements efficiently 
55 even with a basic instrument, which is not equipped with 
a bottom measurement head. In the further described 
embodiments for using the instrument according to the 
invention, also the bottom measurement head is used. 
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[0053] Figure 5 illustrates a second embodiment of 
performing a photoluminescence measurement with a 
measuring instrument according to the present inven- 
tion. In this embodiment both excitation and detection is 
made from the below the sample using the bottom 
measurement head of the instrument. One of the pos- 
sible alternative excitation sources 51 1 gives an excita- 
tion pulse, which is lead to the optical module of the bot- 
tom measurement head with an optical fibre (not shown 
in the Figure 5), wherein the excitation beam is mixed. 
The excitation beam is reflected from the mirror 551 and 
collimated in the optical system 563 into the sample 581 
on the sample plate 580 to be measured. The excitation 
beam provides excitation for two simultaneous meas- 
urements, or alternatively two successive excitations 
with different wavelengths are made with successive ex- 
citation pulses (successive excitation is preferably used 
only in bottom measurements). 

[0054] The excited sample 581 gives two emissions 
that are measured with detectors A and B. The emission 
beams are first collimated in the optical system 563, and 
the beams are lead to the optical module 550. The emis- 
sion beams first transmit the dichroic mirror 551 , where 
after the second dichroic mirror 552 separates the two 
emission beams. The separation may be based on the 
wavelength of the emissions, polarization etc. The first 
emission beam is substantially transmitted through the 
second dichroic mirror 552 and further lead to the de- 
tector 531 a through an optical fibre (not shown in Figure 
5). The second emission beam is substantially reflected 
by the second dichroic mirror 552, and lead to the sec- 
ond detector 531b through an optical fibre (not shown 
in Figure 5). The emission beams are then measured in 
the detectors 531a and 531b. 

[0055] In the second embodiment illustrated in Figure 
5 the whole measurement is made with the bottom 
measurement head. This embodiment is useful for mak- 
ing measurements where the substance to be meas- 
ured lies essentially on the bottom of the sample tube. 
With this embodiment it is possible to measure simulta- 
neously two emissions from the bottom surface of such 
substance and thus the measurement can be performed 
with optimal efficiency. This embodiment also makes it 
possible to use the top measurement head for a chemi- 
luminescence measurement. This way both the photo- 
luminescence measurement and the chemilumines- 
cence measurement can be performed the samples 
without changing the locations of the optical modules or 
cables between the measurements. In the embodi- 
ments that are described in the following, both the top 
measurement head and the bottom measurement head 
are used for the photoluminescence measurement. 
[0056] Figure 6 illustrates a third embodiment of per- 
forming a photoluminescence measurement with a 
measuring instrument according to the present inven- 
tion. In this embodiment the excitation is made from the 
above the sample using the top measurement head, and 
the detection is made from below the sample using the 



bottom measurement head of the instrument. One of the 
possible alternative excitation sources 611 gives an ex- 
citation pulse, which is guided through an optical system 
613 to an optical fibre 618. The optical system may in- 

5 elude filters, lenses and mechanical components as was 
shown in Figure 3. The excitation beam is mixed in the 
optical fibre and lead to the optical module 650. The ex- 
citation beam is reflected from the mirror 641 and colli- 
mated in the optical system 623 into the sample 681 on 

10 the sample plate 680 to be measured. The excitation 
beam provides excitations for two simultaneous meas- 
urements. 

[0057] The excited sample 681 gives two emissions 
that are measured with detectors A and B. The emission 

is beams are first collimated in the optical system 663, and 
the beams are lead to the optical module 650 of the bot- 
tom measurement head. The emission beams first 
transmit the dichroic mirror 651 , where after the second 
dichroic mirror 652 separates the two emission beams. 

20 The separation may be based on the wavelength of the 
emissions, polarization etc. The first emission beam is 
substantially transmitted through the second dichroic 
mirror 652 and further lead to the detector 631 a through 
an optical fibre (not shown in Figure 6). The second 

25 emission beam is substantially reflected by the second 
dichroic mirror 652, and lead to the second detector 
631b through an optical fibre (not shown in Figure 6). 
The emission beams are then measured in the detectors 
631a and 631b. 

30 [0058] The third embodiment illustrated in Figure 6 
gives some advantages compared to the second em- 
bodiment of Figure 5. When the excitation pulse is ex- 
posed from the top measurement head the length of the 
optical fibre within the optical route of the excitation 

35 pulse can be made optimally short. This way the atten- 
uation of the optical fibre can be minimized, and conse- 
quently a maximum illumination intensity is achieved. 
[0059] Another advantage of the embodiment of Fig- 
ure 6 is that it is possible to use an optical module where 

40 there is no first mirror 651 in the module. This way the 
attenuation of the emission beam caused by the excita- 
tion mirror 651 can be totally avoided. 
[0060] Figure 7 illustrates a fourth embodiment of per- 
forming a photoluminescence measurement with a 

45 measuring instrument according to the present inven- 
tion. In this embodiment the excitation is made from be- 
low the sample using the bottom measurement head, 
and the detection is made from above the sample using 
the top measurement head of the instrument. One of the 

so possible alternative excitation sources 711 gives an ex- 
citation pulse, which is lead to the optical module of the 
bottom measurement head with an optical fibre (not 
shown in the Figure 7), wherein the excitation beam is 
mixed. The excitation beam is reflected from the mirror 

55 751 and collimated in the optical system 763 into the 
sample 781 on the sample plate 780 to be measured. 
The excitation beam provides excitation for two simul- 
taneous measurements. 
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[0061] The excited sample 781 gives two emissions 
that are measured with detectors A and B. The emission 
beams are first collimated in the optical system 723, and 
the beams lead to the optical module 740. The emission 
beams first transmit the dichroic mirror 741 , where after 
the second dichroic mirror 742 separates the two emis- 
sion beams. The separation may be based on the wave- 
length of the emissions, polarization etc. The first emis- 
sion beam is substantially transmitted through the sec- 
ond dichroic mirror 742 and further collimated and fil- 
tered in the optical system 733a to be measured in the 
detector 731a. The second emission beam is substan- 
tially reflected by the second dichroic mirror 742, and 
further reflected by the mirror 738. The beam is collimat- 
ed and filtered in the optical system 733b to be meas- 
ured in the detector 731b. 

[0062] The fourth embodiment illustrated in Figure 7 
gives some advantages compared to the first embodi- 
ment of Figure 4. When the excitation beam is exposed 
from the bottom measurement head it is possible to use 
in the top measurement head an optical module where 
there is no first mirror 741 in the module. This way the 
attenuation of the emission beam caused by the excita- 
tion mirror 741 can be totally avoided. 
[0063] Figure 8 illustrates a fifth embodiment of per- 
forming a photoluminescence measurement with a 
measuring instrument according to the present inven- 
tion. In this embodiment the excitation is made from the 
above the sample using the top measurement head. 
The detection if the first emission is made from above 
the sample using the top measurement head, and the 
detection of the second emission is made from below 
the sample using the bottom measurement head of the 
instrument. 

[0064] One of the possible alternative excitation 
sources 811 gives an excitation pulse, which is guided 
through an optical system 813 to an optical fibre 818. 
The optical system may include filters, lenses and me- 
chanical components as was shown in Figure 3. The ex- 
citation beam is mixed in the optical fibre and lead to the 
optical module 850. The excitation beam is reflected 
from the mirror 841 and collimated in the optical system 
823 into the sample 881 on the sample plate 880 to be 
measured. The excitation beam provides excitations for 
two simultaneous measurements. 
[0065] The excited sample 881 gives two emissions 
that are measured with detectors A and B. The first 
emission beam is first collimated in the optical system 
823 and lead to the optical module 840 of the top meas- 
urement head. The first emission beam is substantially 
transmitted by the first dichroic mirror 841 and the sec- 
ond dichroic mirror 842. The first emission beam is then 
collimated and filtered in the optical system 833a to be 
measured in the detector 831a. 

[0066] The second emission beam is first collimated 
in the optical system 863, and the beam is lead to the 
optical module 850 of the bottom measurement head. 
The emission beam first transmits the dichroic mirror 



651 , where after it is substantially reflected in the second 
dichroic mirror 852. The second emission beam is lead 
to the second detector 83 1b through an optical fibre (not 
shown in Figure 6). The emission beams are then meas- 
5 ured in the detectors 831a and 831b. 

[0067] One advantage of the embodiment of Figure 8 
is that it is possible to measure simultaneously emis- 
sions from both above and below the sample simulta- 
neously. 

w [0068] There is also another advantage related to the 
embodiment illustrated in Figure 8. When the two emis- 
sions are measured with different measurement heads 
it allows the use of only one mirror within the path of the 
emission beam. In the top measurement head it is pos- 

? 5 sible to use an optical module, which has no second mir- 
ror 842. In the bottom measurement head it is possible 
to use an optical module, which has no first mirror 851 . 
It is also possible to use a non-dichroic mirror 852 in the 
bottom measurement head. This way a very small at- 

20 tenuation is achieved in the measurement of the both 
emissions. Especially the measurement of the first 
emission can be measured with high sensitivity, be- 
cause of the direct optical path between the sample and 
the detector 831a. 

25 [0069] Figure 9 illustrates a sixth embodiment .of per- 
forming a photoluminescence measurement with a 
measuring instrument according to the present inven- 
tion. In this embodiment the excitation is made from be- 
low the sample using the bottom measurement head. 

30 The detection of the first emission is made from below 
the sample using the bottom measurement head, and 
the detection of the second emission is made from 
above the sample using the top measurement head of 
the instrument. 

35 [0070] One of the possible alternative excitation 
sources 911 gives an excitation pulse, which is lead to 
the optical module of the bottom measurement head 
with an optical fibre (not shown in the Figure 9), wherein 
the excitation beam is mixed. The excitation beam is re- 

40 fleeted from the mirror 951 and collimated in the optical 
system 963 into the sample 981 on the sample plate 980 
to be measured. The excitation beam provides excita- 
tion for two simultaneous measurements. 
[0071] The excitated sample 981 gives two emissions 
that are measured with detectors A and B. The first 
emission beam is first collimated in the optical system 
963, and the beam is lead to the optical module 950 of 
the bottom measurement head. The first emission beam 
is substantially transmitted by the first dichroic mirror 

^o 951 and the second dichroic mirror 952. The first emis- 
sion beam is further lead to the detector 831a through 
an optical fibre (not shown in Figure 9). The first emis- 
sion beam is finally measured in the detector 931a. 
[0072] The second emission beam is first collimated 

55 in the optical system 923, and lead to the optical module 
940. The second emission beam first transmits the di- 
chroic mirror 941 , where after the second emission 
beam is substantially reflected by the second dichroic 
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mirror 942; and further reflected by the mirror 938. The 
second emission beam is collimated and filtered in the 
optical system 933b and measured in the detector 931 b. 
[0073] Also the embodiment of Figure 9 has the ad- 
vantage that it is possible to measure simultaneously 
emissions from both above and below the sample simul- 
taneously. 

[0074] There is also another advantage related to the 
embodiment illustrated in Figure 9. When the two emis- 
sions are measured with different measurement heads 
it allows the use of only one mirror within the path of the 
emission beam. In the top measurement head it is pos- 
sible to use an optical module, which has no first mirror 
941 . In the bottom measurement head it is possible to 
use an optical module, which has no second mirror 952. 
It is also possible to use a non-dichroic mirror 941 in the 
top measurement head. This way a very small attenua- 
tion is achieved in the measurement of both emissions. 
[0075] Figure 10 illustrates a perspective view of an 
exemplary optical module 1040 according to the inven- 
tion. It is designed for a top measurement head, but it is 
also possible to design a bottom measurement head, 
which is adapted for such a module. The Figure shows 
an aperture 1 046 forthe excitation beam from the lamp, 
an aperture 1 044 for the emission beam to the first de- 
tector and an aperture forthe emission beam to the sec- 
ond detector. In this case, the apertures of the optical 
module can be changed by changing the respective wall 
1 064, 1 065 or 1 066 of the optical module. The walls can 
be attached by e.g. screws (not shown in Figure 10). 
There is also a bar code 1 049 shown on the optical cube 
for a possible automatic recognition of the module type. 
[0076] Figure 11 illustrates a perspective view of an- 
other exemplary optical module 1150 according to the 
invention. It is designed for a bottom measurement 
head, but it is also possible to design top and bottom 
measurement heads, which are adapted for similar 
modules. The Figure shows an aperture 11 56 for the ex- 
citation beam from the lamp, and an aperture 1158 for 
providing an optical interface to the sample. In this case, 
aperture 1156 of the optical module can be changed by 
changing the respective wall 1166 of the optical module. 
The wall can be attached by e.g. screws (not shown in 
Figure 1 1 ). There is also a bar code 1 1 59 shown on the 
optical cube for a possible automatic recognition of the 
module type. 

[0077] Figure 1 2 illustrates a top view of an exemplary 
arrangement where four optical modules are attached 
to a carousel 1228 in a top measurement head. The op- 
tical modules are cited 1240a, 1240b, 1240c and 1 240d 
with their apertures forthe emission to the first detector 
cited as 1244a, 1244b, 1244c and 1244d. The instru- 
ment preferably has means for turning the carousel 
around its axis 1229 so the one of the four optical mod- 
ules can be selected for use by the program of the in- 
strument. If the optical modules are equipped with a 
code, such as barcode, the control unit of the instrument 
may check, which modules are available in each posi- 



tion of the carousel. It is preferable that there is an at- 
tachment arrangement for the optical modules, which 
allows the optical modules be easily removed and at- 
tached when necessary. Although the carousel of Figure 

5 12 is designed for a top measurement head, a bottom 
measurement head may of course also be equipped 
with such a carousel for an automatically controlled 
change of the optical module. Although there are four 
optical modules shown in Figure 12, there may naturally 

10 be a different number of optical modules. Considering 
the preferable small size of the optical modules, it is pos- 
sible to provide a carousel with e.g. 8 or 1 6 optical mod- 
ules. 

[0078] It is also possible to use another kind of trie- 
rs chanical arrangement forthe optical modules instead of 
a carousel. For example, there may be a slide for the 
optical modules, wherein the optical modules are placed 
parallel in a line, and a module to be used can be 
changed by shifting the slide into a corresponding posi- 
20 tion. If a slide is used, there may be slides of different 
lengths with a different number on locations for optical 
modules. 

[0079] In the following some embodiments of possible 
optical modules are described referring to Figures 

25 13-22. These exemplary embodiments show optical 
modules, which can be used in an optical instrument ac- 
cording to the invention including an interface for receiv- 
ing two emissions from an optical module. These optical 
modules can also be used for implementing the meas- 

30 urement modes described in Figures 4-9, and generally 
for implementing the process and method according to 
the invention. 

[0080] Figure 1 3 illustrates a cross section view from 
the side of an exemplary optical module for a top meas- 

35 urement head. This optical module 1340 comprises 
three dichroic mirrors. The module receives an excita- 
tion beam from the aperture 1346, and mirror 1343 re- 
flects a part of the excitation beam into a reference sen- 
sor through the aperture 1347. The main part of the ex- 

40 citation beam is reflected from the mirror 1 341 and thus 
directed to a sample through the aperture 1348. 
[0081 ] The emission from the sample is received into 
the module through the aperture 1348. The emissions 
transmit the dichroic mirror 1341 and reach the further 

45 dichroic mirror 1 342. The mirror 1 342 splits the emission 
beam into a first beam that is led to the first detector 
through the aperture 1344, and a second beam that is 
led to the second detector through the aperture 1345. 
[0082] The optical module illustrated in Figure 13 is 

50 very suitable for the double emission measurement, 
which was described in Figure 4. However, this optical 
module can be used also in many other types of meas- 
urements, such as those described in Figures 6-9 or sin- 
gle emission measurements, if an optimized perform- 

55 ance is not required. 

[0083] Figure 14 illustrates a cross section view from 
the side of another exemplary optical module for a top 
measurement head. This optical module 1440 compris- 
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es one dichroic mirror 1 443 and one non-dichroic mirror 
1 441 . The module receives an excitation beam from the 
aperture 1 446 ; and mirror 1 443 reflects a part of the ex- 
citation beam into a reference sensor through the aper- 
ture 1447. The main part of the excitation beam is re- 
flected from the mirror 1441 and thus directed to a sam- 
ple through the aperture 1448. 

[0084] This optical module is designed for measure- 
ments where emission measurement is made using the 
bottom measurement head. The measurement illustrat- 
ed m Figure 6 is an example of such a measurement. 
Therefore tnis optical module for the top measurement 
head docs not have any optical paths for emission 
beams. One advantage of this optical module is that at- 
tenuation of the excitation beam is minimal. 
[0085] Figure 15 illustrates a cross section view from 
the side of a third exemplary optical module for a top 
measurement head. This optical module 1 540 compris- 
es one dichroic mirror. This optical module is designed 
foi measuiements where bottom measurement head is 
used for excitation. An example of this kind of measure- 
ment is illustrated in Fig. 7. Therefore this optical module 
does not have any optical paths for an excitation beam. 
[0086] The emission from the sample is received into 
the module through the aperture 1548. The mirror 1542 
splits the emission beam into a first beam that is led to 
the first detector through the aperture 1544, and a sec- 
ond beam that is led to the second detector through the 
aperture 1545. 

[0087] Although this optical module illustrated in Fig- 
ure 15 is very suitable for the double emission measure- 
ment, which was described in Figure 7. this optical mod- 
ule can also be used in many other types of measure- 
ments, such as single emission measurements, if an op- 
timized performance is not required. 
[0088] Figure 16 illustrates a cross section view from 
the side of a fourth exemplary optical module for a top 
measurement head. This optical module 1640 compris- 
es two dichroic mirrors. The module receives an excita- 
tion beam from the aperture 1646 ; and mirror 1643 re- 
flects a part of the excitation beam into a reference sen- 
sor through the aperture 1 647. The main part of the ex- 
citation beam is reflected from the mirror 1641 and thus 
directed to a sample through the aperture 1648. 
[0089] The emission from the sample is received into 
the module through the aperture 1648. The emission 
transmits the dichroic mirror 1641 , and it is led to the 
first detector through the aperture 1644. 
[0090] The optical module illustrated in Figure 16 is 
very suitable for a double emission measurement, 
where the first emission is measured with the top meas- 
urement head and the second emission is measured 
with the bottom measurement head. This kind of meas- 
urement was described in Figure 8. However, this opti- 
cal module can be used also in many other types of 
measurements, such as single emission measure- 
ments. 

[0091] Figure 17 illustrates a cross section view from 
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the side of a fifth exemplary optical module for a top 
measurement head. This optical module 1 740 compris- 
es one non-dichroic mirror. This optical module is de- 
signed for measurements where excitation is made us- 
5 ing the bottom measurement head. An example of this 
kind of measurement is illustrated in Fig. 9. Therefore 
this optical module does not have any optical paths for 
an excitation beam. 

[0092] The emission from the sample is received into 
10 the module through the aperture 1 748. The mirror 1 742 
reflects the emission beam, which is further led to the 
second detector through the aperture 1745. 
[0093] The optical module illustrated in Figure 17 is 
very suitable for a double emission measurement, 
15 where the second emission is measured with the top 
measurement head and the first emission is measured 
with the bottom measurement head. This kind of meas- 
urement was described in Figure 9. However, this opti- 
cal module can be used also in many other types of 
20 measurements, if an optimised performance is not re- 
quired. 

[0094] Although the optical modules illustrated in Fig- 
ures 1 3-1 7 are designed forthe top measurement head, 
it is also possible to design the bottom measurement 

25 head be adapted to the use of these modules. 

[0095] Figure 1 8 illustrates a cross section view from 
the side of an exemplary optical module for a bottom 
measurement head. This optical module 1 850 compris- 
es three mirrors. The module receives an excitation 

30 beam from the aperture 1856, and mirror 1853 reflects 
a part of the excitation beam into a reference sensor 
through the aperture 1 857. The main part of the excita- 
tion beam is reflected from the mirror 1 851 and thus di- 
rected to a sample through the aperture 1858. 

35 [0096] The emissions from the sample are received 
into the module through the aperture 1858. The emis- 
sions transmit the dichroic mirror 1851 and reach the 
further dichroic mirror 1852. The mirror 1852 splits the 
emission beam into a first beam that is led to the first 

40 detector through the aperture 1 854, and a second beam 
that is led to the second detector through the aperture 
1855. 

[0097] The optical module illustrated in Figure 18 is 
very suitable for the double emission measurement, 

45 which was described in Figure 5. However, this optical 
module can be used also in many other types of meas- 
urements, such as those described in Figures 6-9 or sin- 
gle emission measurements, if an optimized perform- 
ance is not required. 

so [0098] Figure 19 illustrates a cross section view from 
the side of another exemplary optical module for a bot- 
tom measurement head. This optical module 1 950 com- 
prises one dichroic mirror. This optical module is de- 
signed for measurements where excitation is made us- 

55 ing the top measurement head. An example of this kind 
of measurement is illustrated in Fig. 6. Therefore this 
optical module does not have any optical paths for an 
excitation beam. 
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[0099] The emissions from the sample are received 
into the module through the aperture 1958. The mirror 
1 952 splits the emission beam into a first beam that is 
led to the first detector through the aperture 1 954, and 
a second beam that is led to the second detector through 5 
the aperture 1955. 

[0100] Although this optical module illustrated in Fig- 
ure 1 9 is very suitable for the double emission measure- 
ment, which was described in Figure 6, this optical mod- 
ule can also be used in many other types of measure- 10 
ments, such as single emission measurements, if an op- 
timized performance is not required. 
[0101] Figure 20 illustrates a cross section view from 
the side of a third exemplary optical module for a bottom 
measurement head. This optical module 2050 compris- is 
es one beam splitter mirror 2053 and one further mirror 
2051 . The module receives an excitation beam from the 
aperture 2056 ; and mirror 2053 reflects a part of the ex- 
citation beam into a reference sensor through the aper- 
ture 2057. The main part of the excitation beam is re- 20 
fleeted from the mirror 2051 and thus directed to a sam- 
ple through the aperture 2058. 

[0102] This optical module is designed for measure- 
ments where emission measurement is made using the 
top measurement head. The measurement illustrated in 25 
Figure 7 is an example of such a measurement. There- 
fore this optical module designed for the bottom meas- 
urement head does not have any optical paths for emis- 
sion beams. One advantage of this optical module is that 
attenuation of the excitation beam is small. 
[0103] Figure 21 illustrates a cross section view from 
the side of a fourth exemplary optical module for a bot- 
tom measurement head. This optical module 2150 com- 
prises one non-dichroic mirror. This optical module is 
designed for measurements where excitation is made 
using the top measurement head. An example of this 
kind of measurement is illustrated in Fig. 8. Therefore 
this optical module does not have any optical paths for 
an excitation beam. 

[0104] The emission from the sample is received into 
the module through the aperture 21 58. The mirror 21 52 
reflects the emission beam, which is further led to the 
second detector through the aperture 2155. 
[0105] The optical module illustrated in Figure 21 is 
very suitable for a double emission measurement, 
where the second emission is measured with the bottom 
measurement head and the first emission is measured 
with the top measurement head. This kind of measure- 
ment was described in Figure 8. However, this optical 
module can be used also in other types of measure- 
ments, if an optimised performance is not required. 
[0106] Figure 22 illustrates a cross section view from 
the side of a fifth exemplary optical module for a bottom 
measurement head. This optical module 2250 compris- 
es two dicroic mirrors. The module receives an excita- 
tion beam from the aperture 2256, and mirror 2253 re- 
flects a part of the excitation beam into a reference sen- 
sor through the aperture 2257. The main part of the ex- 



citation beam is reflected from the mirror 2251 and thus 
directed to a sample through the aperture 2258. 
[01 07] The emission from the sample is received into 
the module through the aperture 2258. The emission 
transmits the dichroic mirror 2251, and it is led to the 
first detector through the aperture 2254. 
[0108] The optical module illustrated in Figure 22 is 
very suitable for a double emission measurement, 
where the first emission is measured with the bottom 
measurement head and the second emission is meas- 
ured with the top measurement head. This kind of meas- 
urement was described in Figure 9. However, this opti- 
cal module can be used also in many other types of 
measurements, such as single emission measure- 
ments. 

[0109] Although the optical modules illustrated in Fig- 
ures 18-22 are designed for the bottom measurement 
head, it is also possible to design both the top measure- 
ment head and the bottom measurement head be 
adapted to the use of these modules. 
[0110] Figure 23 illustrates a flow diagram of an ex- 
emplary process according to the invention for using an 
optical instrument for a photoluminescence measure- 
ment. In phase 11 the type of measurement is selected. 
The excitation source and interference filter is then se- 
lected according to the measurement type in phase 12. 
Either the top measurement head or bottom measure- 
ment head is selected for providing the excitation beam 
into the sample, phase 13. This is made e.g. with an 
optical switch. 

[0111] In phase 14, the emission filter is selected for 
the detector A. Either the top measurement head or the 
bottom measurement head is then selected in step 15 
for receiving the emission A and for guiding the emission 
beam A into the detector A. The optical path is connect- 
ed to the selected measurement head e.g. by controlling 
an optical switch. If two emissions are measured the 
emission filter is also selected for the detector B, steps 
16 and 17, and either the top measurement head or the 
bottom measurement head is selected in step 1 8 for re- 
ceiving the emission B and guiding the emission beam 
into the detector B. The optical path can be connected 
to the selected measurement head also by controlling 
an optical switch. 

[01 12] If excitation or emission of the measurement is 
made from above the sample, i.e. the top measurement 
head is used, then the optical module of the top meas- 
urement head is selected and placed into the measure- 
ment location, phases 19 and 20. If excitation or emis- 
sion of the measurement is made from below the sam- 
ple, i.e. the bottom measurement head is used, then the 
optical module of the bottom measurement head is se- 
lected and placed into the measurement location, phas- 
es21 and 22. According to the invention, an optical mod- 
ule with aperture(s) for receiving an excitation beam or 
outputting an emission beam is selected to either top or 
bottom measurement head. Especially, if the same 
measurement head is used for receiving two emissions, 
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an optical module with an aperture output for both de- 
tectors is preferably selected in the measurement head. 
[0113] After the optical paths have been selected, the 
first sample to be measured is selected, phase 23. The 
selected sample is then measured, 24 : and the signals 5 
received from the detector(s) are processed to produce 
measurement result(s) for the measured sample, phase 
25. Samples are successively measured by repeating 
phases 23-26 until all samples have been measured. 
[0114] One should note that several variations of the 10 
measurement process according to the invention can be 
applied. For example, the order of the process phases 
can be different from the one described above. Also, if 
an instrument without a bottom measurement head is 
used, the selection between top/bottom measurement 15 
head or selection of the optical module for the bottom 
measurement head are not required. And if only one ex- 
citation source is available, a selection between excita- 
tion sources is not required. 

[0115] Figure 24 illustrates a flow diagram of an ex- 
emplary method according to the invention for optical 
measurement of a sample. In phase 41 an excitation 
beam is formed in an illumination source, and the exci- 
tation beam is filtered with an interference filter in phase 
42 to include wavelength(s) for the excitation of two sub- 
stances in the sample. The filtered excitation beam is 
guided through a small aperture to an optical module 
according to the invention, wherein the beam is reflect- 
ed, phase 43. The excitation beam is then focused into 
the sample within a volume that is to be measured, 44. 
The excitation beam may be an excitation pulse, suc- 
cession of pulses or a continuous wave beam, depend- 
ing on the type of measurement. 

[0116] After the (fluorescent) label substances in the 
sample have been excited, they release emissions, 
which are received into the optical module according to 
the invention, phase 45. The emissions may be in the 
form of bursts or continuous emissions depending on 
the excitation. In the optical module the emission beam 
may first transmit an excitation mirror, and the emission 
beams are then divided with a dichroic mirror into two 
emission beams e.g. according to their wavelength in 
phase 46. The splitting may be performed in same op- 
tical module. 

[01 17] The first emission beam received from the first 
substance of the sample is first guided (focused) 
through an aperture of the optical module, 47. The beam 
is then filtered in by transmitting the first emission beam 
and blocking other light, e.g. light with different wave- 
length, and finally the first emission beam is then guided 
to a first detector, phase 48. Simultaneously with receiv- 
ing the first emission, the second emission beam is re- 
ceived from the second substance of the sample, guided 
through the optical module and focused through an ap- 
erture of the optical module, 49. The beam is then fil- 
tered by transmitting the second emission beam and 
blocking other light, e.g. light with different wavelength, 
and the filtered second emission is then guided to a sec- 



ond detector, phase 50. The emissions are then con- 
verted into electrical signals in the detectors, phase 51 , 
and the signals are processed in order to provide meas- 
urement results showing the quantity of the first and sec- 
ond substances within the sample, phase 52. 
[0118] One should note that the inventive method is 
not restricted to the measurement of two emissions of 
two substances, but there may be further means for 
splitting the emission into several emission beams and 
further detectors for measuring the emission beams. 
[0119] Above, examples of a general measurement 
process and method were described. Next some typical 
measurements are described in more detail. In this de- 
scription the use of an optical instrument according to 
Figure 3 is referred to. 

Fl and TRF measurements 

[0120] In a prompt photoluminescence, i.e. Fl meas- 
urement, one excitation pulse is given for each sample 
to be measured. In a Fl measurement an excitation filter 
and an emission filter are selected as was described 
above. A suitable optical module is also selected; the 
optical module may be a general-purpose module, or it 
may be a module that is especially designed for a de- 
termined label substance. 

[01 21 ] After a sample has been chosen for the meas- 
urement an excitation pulse is transmitted, and refer- 
ence R-| is read wherein Rj is the amount of light that 
has been used in the excitation of the label. The illumi- 
nation reference is received from a reference detector 
31 9. Emission signals S1 A and S1 B are then read from 
the detectors. A correction factor for the signals is cal- 
culated on the basis of the illumination reference value. 
The long-term stability of the equipment is fixed to this 
amount of light when using a determined excitation filter 
and mirror block. 

[0122] If several excitation pulses are used for one 
sample, the sequence is repeated and the results are 
summed or averaged. This leads to improved signal-to- 
noise ratio of the measurement. 

[0123] A time resolved photoluminescence measure- 
ment, i.e. TRF measurement, is equal to the Fl meas- 
urement except that several excitation pulses are 
formed for each sample and corresponding emissions 
are measured. The measurement signals and reference 
signals are read after each excitation pulse and signal 
corrections are calculated. Basic references are deter- 
mined with standard solvents after the analyzer has 
been assembled. After receiving all emission signals 
from a sample, the results are preferably digitally inte- 
grated. Finally, a linear correction can be made for the 
digital signal using a reference. 

Chemiluminescence measurement 

[0124] In a chemiluminescence measurement no ex- 
citation pulse is given. A separate detector can be used 
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for the chemiluminescence measurement, if it is desir- 
able to make chemiluminescence measurements simul- 
taneously with a photolumlnescence measurement. In 
this case the simultaneous chemiluminescence and 
photoluminescence measurements are made from dif- 
ferent samples. However, if a simultaneous measure- 
ment is not required : same detector as used for photo- 
luminescence measurements can be used for the 
chemiluminescence measurement. 
[0125] An emission filter is not needed in a chemilu- 
minescence measurement, so the filter slide can be 
moved outside the measurement beam. An optical mod- 
ule is selected according to the label; a TR module can 
be used, but a better measurement quality can be 
achieved with a block designed for the chemilumines- 
cence measurement. The analogue gates or a digital 
window 'or the measurement period is set. After a sam- 
ple is chosen a first period for measuring illumination is 
triggered. The length of the measurement period is e.g. 
1 ms Detected signals are read, further measurement 
periods are triggered; and the corresponding signals are 
read. The measurement periods are repeated for e.g. 
1 000 times which gives 1 second for the total measure- 
ment time. Finally the measured signals are summed to 
achieve the result of the total measurement. 
[0126] In this patent specification the structure of the 
components in an optical measurement instrument is 
not described in more detail as they can be implemented 
using the description above and the general knowledge 
of a person skilled in the art. 

[0127] An optical instrument includes control means 
for performing the optical measurement process. The 
control of the measuring process in an optical measure- 
ment instrument generally takes place in an arrange- 
ment of processing capacity in the form of microproces- 
sors) and memory in the form of memory circuits. Such 
arrangements are known as such from the technology 
of analyzers and relating equipment. To convert a known 
optical instrument into an equipment according to the 
invention it may be necessary, in addition to the hard- 
ware modifications, to store into the memory means a 
set of machine-readable instructions that instruct the mi- 
croprocessors) to perform the operations described 
above. Composing and storing into memory of such in- 
structions involves known technology which, when com- 
bined with the teachings of this patent application, is 
within the capabilities of a person skilled in the art. 
[0128] Above, an embodiment of the solution accord- 
ing to the invention has been described. The principle 
according to the invention can naturally be modified 
within the frame of the scope defined by the claims, for 
example, by modification of the details of the implemen- 
tation and ranges of use. 

[0129] The embodiments described above mainly re- 
late to double emission measurements. However, even 
if the invention has special advantages when applied to 
double emission measurements, the invention can as 
well be applied in other types of measurements, such 



as single emission measurements. 
[01 30] It is also to be noted that the invention is not in 
any way restricted to the applications of the photolumi- 
nescence measurement. An experienced user is able 

5 the use the present invention also in other measurement 
technologies in common use in biochemical laborato- 
ries. For example, e.g. reflectance, turbidimetric and 
nephelometric measurement can be measured using a 
fluorescent measurementtechnology with the exception 

10 that the emission filter must be a gray filter. 

[0131] Although the invention has been described 
with reference to the different microtitration plates it is 
equally applicable to any form of sample matrix like gels 
and filter. 

15 [0132] Although the invention is described with the ar- 
rangement where the illumination sources and detec- 
tors are located on the top measurement head, there is 
no reason why their location on the bottom measure- 
ment head should not work. 

20 

Claims 

1 . An optical measurement instrument for measur- 
es jng samples, comprising an illumination source 

(211) for forming an excitation beam, a detector 
(231 a) for detecting an emission beam, an interface 
(218, 223, 233a, 233b, 238) for a changeable opti- 
cal module (240) with a purpose of directing the ex- 

30 citation beam received from the illumination source 
(211) into the sample (281) and/or directing an 
emission beam received from the sample (281 ) to 
a detector (231a), characterized in that the inter- 
face further comprises means (238, 233b) for 

35 adapting to at least one of said beams being trans- 
mitted through an aperture located on a wall of an 
optical module. 

2. An instrument according to claim 1, character- 
40 ized in that said interface comprises means for 

adapting to a beam, which is substantially focused 
in said aperture. 

3. An instrument according to claim 1 , character- 
's ized in that the size of the aperture is arranged to 

determine the size of the sample area to be meas- 
ured. 

4. An instrument according to claim 1, character- 
so ized in that it comprises a first mirror (241) for re- 
flecting the excitation beam received from an illumi- 
nation source into the sample and for transmitting 
an emission beam received from the sample. 

55 5. An instrument according to claim 1 , character- 
ized in that the instrument comprises a second de- 
tector, and the optical module comprises means 
(242) for dividing the emission beam into a first 
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emission beam for the first detector a second emis- 
sion beam for the second detector. 

6. An instrument according to claim 5, character- 
ized in that said means for dividing the emission 5 
beam received from the sample into two emission 
beams is a second dichroic mirror (242). said mirror 
transmitting the first emission beam and reflecting 
the second emission beam. 

10 

7. An instrument according to claim 1, character- 
ized in that said interface further comprises means 
(219) for receiving an illumination reference beam 
from a further aperture of the optical module. 

75 

8. An instrument according to claim 7, character- 
ized in that the changeable optical module com- 
prises a third mirror (243), which is a beam splitter 
mirror for reflecting a part of the light received from 

the illumination source (211). and the instrument 20 
comprises a further detector (219) for measuring 
the reflected, reference part of the excitation light in 
order to measure the illuminating effect of the illu- 
mination source. 

25 

9. An instrument according to claim 8, character- 
ized in that the transmission/reflection properties 
of said third mirror are application specific. 

10. An instrument according to claim 1 , character- 30 
ized in that it comprises a top measurement head 
(320) for measuring a sample from (320) above the 
sample (381), wherein the top measurement head 
comprises a top optical module (340). 

35 

11. An instrument according to claim 10, charac- 
terized in that the top measurement head (320) 
comprises means (31 8T. 340a, 323) for providing 
an excitation beam to the sample and means (323, 
340a, 337a) for measuring a first emission beam 40 
from the sample. 

12. An instrument according to claim 1 1 , character- 
ized in that the top measurement head comprises 
means (323, 340a : 338, 337b) for measuring a sec- 45 
ond emission beam from the sample. 

13. An instrument according to claim 1 , character- 
ized in that it comprises a bottom measurement 
head (360) for measuring a sample from below the so 
sample (381), wherein said bottom measurement 
head (360) comprises a changeable bottom optical 
module (350) and an optical interface for the bottom 
optical module. 

55 

14. An instrument according to claim 13, charac- 
terized in that it comprises an optical fibre (31 8B) 
for guiding light between the illumination source and 



the bottom optical module (350). 

15. An instrument according to claim 13, charac- 
terized in that it comprises an optical fibre (338a) 
for guiding the first emission beam between the bot- 
tom optical module (350) and the first detector 
(332a). 

16. An instrument according to claim 14, charac- 
terized in that the optical interface for the bottom 
optical module comprises means (338a) for receiv- 
ing a second emission beam from the optical mod- 
ule (350). 

18. An instrument according to claim 14, charac- 
terized in that it comprises an optical fibre (338b) 
for directing the second emission beam between 
the bottom optical module (350) and the second de- 
tector (332b). 

19. An instrument according to claim 1 , character- 
ized in that said aperture is optically adapted to an 
end of an optical fibre. 

20. A changeable optical module (1340, 1850) for 
an optical measurement instrument, the module 
comprising 

means (1 346, 1 856) for receiving an excitation 
beam from an illumination source and means 
(1341 , 1348, 1851, 1858) for directing the ex- 
citation beam to a sample, and/or 
means (1348) for receiving an emission beam 
from the sample and means (1341 , 1344, 1851 , 
1854) for outputting the emission beam re- 
ceived from the sample to a detector, 

characterized in that the means for receiving and/ 
or the means for outputting comprise(s) an aperture 
on an outer wall of the optical module module. 

21 . A changeable optical module according to claim 
20, characterized in that the aperture is adapted 
to a beam, which is substantially focused in said ap- 
erture. 

22. A changeable optical module according to claim 
20, characterized in that the size of the aperture 
is arranged to determine the size of the sample area 
to be measured. 

23. A changeable optical module according to claim 
20. characterized in that it comprises a first mirror 
(1341) for reflecting the excitation beam received 
from an illumination source into the sample and for 
transmitting an emission beam received from the 
sample. 
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24. A changeable optical module according to claim 
20, characterized in that it comprises a second 
mirror which is a dichroic mirror for separating the 
emission beam received from the sample into two 
emission beams (1 342), said mirror transmitting the 5 
first emission beam and reflecting the second emis- 
sion beam. 

25. A changeable optical module according to claim 

24, characterized in that said second mirror 10 
(1342) is substantially transparent to light of a first 
wavelength band for transmitting the first emission 
within said first wavelength band into the first detec- 
tor, and said second mirror is substantially reflective 
to light of a second wavelength band for reflecting 15 
the second emission within said second wavelength 
band into the second detector. 

26. A changeable optical module according to claim 

20, characterized in that the module comprises a 20 
third mirror (1 343) for reflecting a part of the excita- 
tion beam to a detector for measuring the illuminat- 
ing effect, wherein said third mirror is a beam splitter 
mirror. 

25 

27. A changeable optical module according to claim 
26, characterized in that the transmission/reflec- 
tion properties of said third mirror (1343) are appli- 
cation specific. 

30 

28. A changeable optical module according to claim 
26, characterized in that it comprises an aperture 
for outputting said reflected part of the excitation 
beam. 

35 

29. A changeable optical module according to claim 
20, characterized in that the means for outputting 
the excitation beam is the same as the means for 
receiving the emission beam (1348). 

40 

30. A changeable optical module according to claim 
29, characterized in that said means is an aper- 
ture. 

31 . A changeable optical module according to claim 45 
20, characterized in that said means for outputting 

the emission beam is an aperture (1344). 

32. A changeable optical module according to claim 

20, characterized in that it comprises an aperture so 
(1 345) for outputting a second emission beam. 

33. A changeable optical module according to claim 
20, characterized in that said module is adapted 

for measurement from above a sample to be meas- 55 
ured (1340). 

34. A changeable optical module according to claim 



20, characterized in that said module is adapted 
for measurement from below a sample to be meas- 
ured (1850). 

35. A changeable optical module according to claim 
20, characterized in that said module is adapted 
to output the first emission beam to an end of an 
optical fibre (1854). 

36. A changeable optical module according to claim 
20, characterized in that said module is adapted 
to output said second emission beam to an end of 
an optical fibre (1855). 

37. A changeable optical module according to claim 
20, characterized in that said means for receiving 
excitation beam is an aperture (1346). 

38. A changeable optical module according to claim 
37, characterized in that said aperture is adapted 
for receiving the excitation beam from the end of an 
optical fibre. 

39. A changeable optical module according to claim 
20, characterized in that at least one aperture is 
located on a wall, said wall or part of it being 
changeable for changing the size of the aperture. 

40. A changeable optical module according to claim 
20, characterized in that said module comprises 
attachment means for manual attachment and de- 
tachment of the module to/from the optical meas- 
urement instrument. 

41 . A changeable optical module according to claim 
20, characterized in that said module comprises 
means for attaching to movable base (1228) of an 
optical measurement instrument, wherein the 
change of a module used for a measurement is ar- 
ranged by moving said movable base. 

42. A process for measurement of samples with an 
optical measurement instrument comprising at 
least one measurement head, possible means for 
providing excitation of a sample and means for 
measuring an emission from the sample, the proc- 
ess comprising the phases of 

selecting a measurement mode (11), 
selecting at least one changeable optical mod- 
ule for a measurement head, the optical module 
guiding the excitation beam from an illumina- 
tion source into the sample (20, 21) and/or 
guiding at least one emission beam from a sam- 
ple into at least one detector (20, 21), 
performing the selected optical measurement 
(23-25), 
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characterized in that in the step of selecting the 
optical module, a kind of optical module is selected, 
which has an aperture for receiving an excitation 
beam and/or for outputting an emission beam. 

5 

43. A method for optical measurement of samples 
comprising the step of transmitting excitation/emis- 
sion beam betweenthe sample and a measurement 
head of an optical instrument, comprising transmit- 
ting said beam through an optical module of the 10 
measurement head, characterized in that said 
beam is guided through an aperture located on an 
outer wall of the optical module. 

44. A method according to claim 43, characterized 15 
in that said beam is focused substantially in said 
aperture. 

45. A method according to claim 43, characterized 

in that it comprises a measurement of two emission 20 
beams substantially simultaneously. 

46. A method according to claim 45, characterized 
in that the emission beam received from the sample 

is divided into two emission beams in the optical 25 
module and said two emission beams are guided 
through separate apertures of the optical module. 

47. A method according to claim 43, characterized 

in that a part of the light from the illumination source 30 
is reflected, guided through an aperture of the opti- 
cal module, and measured, and illuminating effect 
of the illumination source is determined on the basis 
of said measuring. 

35 

48. A method according to claim 47, characterized 
in that the part of the light from the illumination 
source is reflected with a dichroic mirror within the 
optical module, wherein the transmission/reflection 
properties of said third dichroic mirror are applica- *o 
tion specific. 

49. A method according to claim 43, characterized 
in that the excitation beam is directed to the sample 
from above the sample, and the emission is meas- 45 
ured from above the sample. 

50. A method according to claim 43, characterized 
in that the excitation beam is directed to the sample 
from below the sample, and the emission is meas- 50 
ured from below the sample. 

51 . A method according to claim 43, characterized 
in that the method comprises a photoluminescence 
measurement. 55 
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